Abstract. Functional magnetic resonance imaging (fMRI) has significantly contributed to understanding both normal and diseased human brains. Variability often exists in the magnitude, spatial distribution, and statistical significance of the resulting fMRI maps due to differences in equipment and other site-specific differences. In addition, because of costly imaging, demanding tasks, and analytical burden, understanding the effect of these differences may help develop an efficient pooling and comparison mechanism.
Introduction
Functional MRI (fMRI) has significantly contributed to studies of both the normal and diseased human brain. Unfortunately, variability may exist in the magnitude, spatial distribution, and statistical significance of resultant fMRI maps. The reasons for such variability are multi-factorial and are important to study [1] [2] [3] [4] [5] [6] [7] .
Recently, in the US, the functional subsection of the Biomedical Informatics Research Network (BIRN; http://nbirn.net) aimed at comparing and calibrating the fMRI signals in order to determine whether the inter-relation of fMRI maps from different sites was meaningful. This is an initial extensive effort prior to collecting prospective fMRI data of the Schizophrenic versus control subjects in the next phase of this large multi-institutional prospective study.
In this prospective study with 5 healthy "human phantoms" performing the same tasks during two visits at each of the 11 sites, we investigated the effects of factors such as study site, field strength, vendor, visit, repeated run on the reproducibility of the performance of a sensory-motor (SM) task by these healthy human phantoms in a prospective multi-institutional study. The main goal of our analysis was to characterize the variability seen in a sensory-motor task across runs and sites.
Methods

Study Subjects
A total of 11 sites formed the functional BIRN component of the study. Data were collected from 10 of these 11 sites (five 1.5T, four 3T scanners, and one 4T scanner). Five healthy right-handed male subjects were scanned at each site in two visits on separate days, with 10 task runs per visit. In addition, 3 of those had extra scans in a total of 4 visits only at one of the 10 sites.
Sensory-Motor (SM) Task
The SM task was performed for 4 out of these 10 fMRI runs during each visit. A block design was used with 15-second epochs of alternating baseline (fixation) and task for a total of 85 (plus the first 2 initally used to reach equalibrum and thus discarded) acquisitions per run. Subjects were instructed to perform bilateral finger tapping on button boxes (1 dummy button box and 1 actual) in time with a 3Hz audio cue and a reversing checkerboard. The subjects pressed buttons 1 through 4 in consecutive order and then back again using both hands, simultaneously and in sync. 100 khz, 64 64 matrix, 1 shot, 2 dummy frames. The pulse sequences were allowed to vary the K-space trajectory by site. A bite bar was used to minimize head movement.
Data Acquisition
Per-Voxel fMRI Analysis
Motion correction at each run was applied to middle time point using AFNI (http://afni.nimh.nih.gov/afni). Smoothing was based on FWHM 5mm. Fourier model was used to conduct an F-test to compute the statistical significance at each voxel.
Subject-specific registration was performed over the repeated runs and across the sites in FreeSurfer (http://surfer.nmr.mgh.harvard.edu). Image registration of the anatomical volume with the functional volume was conducted to convert the subject's anatomical volume to the corresponding functional space.
Statistical Methods
We examined the factors impacting the activation patterns. These included subject (n (Table 1) . Task-related significance (Y ) at each voxel was computed using an F-test on the Fourier componant of the task fundamental frequency. At each fixed voxel significance threshold (γ), an estimation-maximization algorithm, developed previously, called the Simultaneous Truth and Performance Level Estimation (STAPLE) [8, 9] , was applied across the 4 runs to optimally derive a composite 3D gold standard activation map, under a Level 1 STAPLE EM. This algorithm combined all of the factors and enabled visualization of the gold standard in the software, 3D Slicer (http://slicer.org) [10] .
Furthermore, a Level 2 STAPLE EM was applied to compare site-to-site differences (see the hiearchical EM-algorithm illustrated in Fig. 1) .
Following the Level 1 EM, voxel fractions in the whole brain were used to compute the sensitivity and specificity, for fixed γ, defined respectively as follows: 
Results
Of all scanners, 5 were 1.5T; 4 were 3T; 1 was 4T. Significant factors for sensitivity included subject (p=0.01) and for specificity included subject (p=0.04) and run (p=0.04) ( Table 2) . Registered data for a subject and site were provided in Fig. 2 . to minimize false discovery rates [17] , the mean activation percentage of all voxels in the brain, sensitivity, and specificity are presented (Table 3 and Fig.  3 ). At 3T, the mean sensitivity per subject ranged 0¢ 58 Table 3 for actual values, with specificities all close to 1. In this unique multi-institutional prospective fMRI reproducibility study, we discovered the effects of the following factors in terms of the estimated mean activation percentage, sensitivity, specificity, and AUC:
The effect of individual subjects: There was a significant between-subject variability; however calibration may be feasible as part of the pooling mechanism of different cohorts.
The effect of field strengths: Both 3T and 4T were better than 1.5T, yielding more activation and less variability in terms of sensitivity and specificity.
The effect of repeated runs: The activation patterns were variable over the runs after the rest and task periods.
The effect of site vs. subject: The variability across subjects appeared greater than that across sites. This finding may help develop a calibration plan to minimize the variability introduced by the sites themselves, ultimately enabling us to pool independent functional data of normal and diseased subjects across different institutions.
The effect of visit on different days: Less activation was observed and more robust and systematic activation under different thresholds for the second vs. the first visit. For those three subjects who participated in 4 visits at one site only, less activation was observed for the latter two days. However, there was higher specificity and less variability on these days. A learning effect was not apprarent.
